16% in North Carolina
. For example, some biologists and habitat managers contend that managed impoundments provide critical habitat for waterfowl and other wildlife that is not provided by surrounding tidal marshes. In contrast, others argue that although waterfowl use managed impoundments, impoundments are not necessary, waterfowl would use unmanaged tidal wetlands if impoundments did not exist, no new impoundments need be constructed, and existing dikes should be breached. Unfortunately, the relative value of managed and unmanaged coastal wetlands to waterfowl and other wildlife have been little studied and remain largely unquantified.
We evaluated use of managed and unmanaged coastal wetlands for dabbling ducks wintering in tidal freshwater and brackish wetlands and identified dabbling duck associations with macrohabitat variables characteristic of these wetlands. Our general hypothesis was that wintering dabbling ducks differentially use macrohabitat types on the basis of physiognomy (occupying areas with particular structural configurations), with further refinements of distribution and abundance based on plant taxonomic considerations (correlates of food resources). From this hypothesis and findings of other studies (see Gordon et al. 1989 ), we developed the following 1-tailed predictions: (1) dabbling ducks would make greater use of managed wetland impoundments than unmanaged tidal wetlands, reflecting differences in structural features (e.g., available surface water area, vegetation distribution); and (2) abundance of dabbling ducks would be positively correlated with certain plant associations that provide food resources.
STUDY AREA
Our study was conducted in the lower portions of 2 adjacent coastal estuarine drainage systems located near Georgetown, South Carolina: the Pee Dee-Waccmaw River (PWR) and Santee River Delta (SRD; Gordon et al. 1989 ).
These areas were selected for study because they (1) have had the highest wintering waterfowl populations in the state (U.S. Fish and Wildlife Service, Midwinter Survey; T. H. Strange, South Carolina Department of Natural Resources, unpublished data), (2) contained a mosaic of managed impounded and unmanaged tidal wetland habitats, and (3) allowed us to study fresh and brackish coastal wetland systems. The SRD was a tidal brackish system (salinities 0.5-30 ppt), and the PWR was a tidal freshwater system (salinities <0.5 ppt). Lunar tides in both areas are semidiurnal (2 highs and 2 lows daily), with a 1.2-m mean tidal range (National Oceanic and Atmospheric Administration 1992).
Large areas of tidal forested wetlands in both drainages were ditched and diked for rice production during the 18th and 19th centuries (Miglarese and Sandifer 1982 
METHODS

Aerial Surveys
We delineated a sample universe for the PWR and SRD using U.S. Geological Survey topographical maps (7.5-min quadrangles, 1: 24,000 scale) and color-infrared aerial photography (1:48,000 scale) from the National High Altitude Photography Program. We verified inclusion of all wetland habitat types by aerial reconnaissance and ground-truthing by boat. The An indicator variable (Neter et al. 1983 ) that reflected management status was used to designate whether each plot was managed (1) or not (0). A value of I indicated that -10% of the plot was classified as a managed impoundment. Unmanaged tidal plots were assigned a value of zero. In the PWR, 75% of the plots assigned a value of 1 were >50% managed impoundedments, whereas 95% of the plots in the SRD assigned a value of 1 were >50% managed impoundments.
Statistical Analyses
We used a G-test (Sokal and Rohlf 1981:705) to test the null hypothesis that dabbling duck use of habitat classified into 2 categories, managed and unmanaged, did not differ from that expected if use was proportional to area of each habitat category. We calculated observed frequencies from the number of ducks counted in aerial survey plots, whereas expected frequencies were based on the proportions of each of the 2 habitat categories measured within the PWR and SRD sample universes.
We used stepwise multiple regression (SYS-TAT 1990) to test for associations between dabbling duck abundance and species richness (dependent variables) and habitat variables for the PWR and SRD study areas (Table 1) 1964) . In all cases, the null hypothesis was rejected (P > 0.05), and the optimal transformation was applied as determined by the Box-Cox algorithm.
Prior to regression analysis, we examined the habitat variable sets for multicollinearity (Neter et al. 1983 
PWR Study Area
Mallard (Anas platyrhynchos), American green-winged teal (A. crecca carolinensis; hereafter, green-winged teal), northern pintail (A. acuta), and American black duck (hereafter, black duck) were regularly observed on the PWR study area. In all 3 winters, occurrence of these species in managed wetland impoundments was greater (P < 0.005) than expected, but occurrence in unmanaged tidal wetlands was less (P < 0.005) than expected for mallards, green-winged teal, and northern pintails (Table  2 ). Of these 3 species, only mallards were observed in areas of unmanaged tidal marsh during the study. Black ducks were observed using unmanaged tidal wetlands more than expected in all 3 years (P < 0.01).
Stepwise multiple regression models for any given species-year combination retained 2-6 independent variables (Table 3 ). All regression models were significant (P < 0.008, n = 50), and coefficients of multiple correlation (R) ranged from 0.43 to 0.85. Several distinct patterns were apparent, although independent variables varied in frequency of association, direction and degree of influence, and yearly occurrence as correlates with abundance of dabbling ducks. In general, abundance of mallards, northern pintails, and green-winged teal was positively associated with habitat variables from managed impoundments, particularly area of managed forested wetlands, managed scrubshrub wetlands, and managed deep-flooded wetlands. Additionally, in 6 of 9 regressions for these 3 species, there was a strong positive association with management status, yet a negative association with variables linked to managed open water and functional dike. There was no clear pattern of association with managed mixed-emergent marsh, HH, Edge, and WVI.
Black duck abundance was not associated with management status. There was a positive association with WVI and negative association with HH in 2 of 3 years (Table 3) . No other black duck-habitat associations were evident.
All 3 regression models for species richness were significant (P < 0.001, n = 50) and re- 
SRD Study Area
Seven species of dabbling ducks were regularly observed on the SRD study area. For all species in all years, use of managed impoundments was greater (P < 0.005) than expected (Table 4 ). There were many species-year combinations where there were no observations of birds in unmanaged tidal wetlands.
Stepwise multiple regression models for all species and years retained 2-8 independent variables (Table 5 The SRD regression models for species richness were all significant (P < 0.001) and retained 6-8 variables (Table 5) Impoundments in the South Atlantic region are spatially and temporally heterogeneous wetland habitats that include a diversity of food resources in a mosaic of structural habitat features ) not typical of natural intertidal areas. However, because of geographic differences in estuarine drainage systems (e.g., inherent ecological characteristics, human population density, land-use patterns) that influence waterfowl habitat and occupancy, we recommend that comparisons between managed habitats and unmanaged natural areas also be conducted in other coastal areas to understand fully the costs and benefits of specific management practices in different coastal regions (Bildstein et al. 1991). Waterfowl habitat managers should continue to work closely with researchers to develop and refine integrated programs of coastal impoundment management as large-scale experiments to evaluate their effects on both target and nontarget species.
